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Baltic Sea Black Sea Mediterranean North Sea Chesapeak Bay

Sea
Size (km?) 412,560 436,400 970,000 750,000 11,000
Drainage area 1,600,000 2,400,000 | 1,335,000 (1.4X) | 526,000 167,000
(km?) (4X) (5.5X) 2,800,000 (Nile) | (0.7X) (15X)
Averg/Max 30/480 1500 / 1500 / 5200 95 /700 14 / 63
depth (m) 2200
Population in 85 M 190 M 168 M 185 M 15M
drainage in (all people in
Million (M) riparian

countries)
Nitrogen load 1,000 800 600 (only rivers) | 800 (only 155
estimate (kt y?) rivers

modelled)




The Baltic Sea receives the
largest N-load from a
comparatively small drainge
area.

The mean residence time of the
water is 30-35 years because it is
an enclosed sea.

50%-60% of all riverine nutrients
come from the 5 largest rivers in
the south and east.

Four of them enter lagoons/bays
before they flow into the coastal
zone.

in the central Baltic Sea, large
blooms of nitrogen fixing
cyanobacteria occur every
summer.




N:P ratio of sources varies from 40 to 95

Baltic Nutrient Noad (thousand tons/year of N and P)

( )
Riverine Load, Atmospheric
Basin and Matural + Coastal Point Load, Natural + M:P Hatio
Area Anthropogenic Sources Anthropogenic Sum Total {maolar)

Gulf of Bothnia™ (115,500 km?) M: 100 P: & M: 10 P: 1 M: 48 P: <1 M: 168 P: 6 58
Baltic proper (211,100 km?) M: 363 P: 23 M: 27 P: 4 M: 185 P: 2 M: 575 P: 28 44
Gulf of Finland (29,600 km?) N: 126 P: 6 N:31P: 4 N: 23 P: <1 N: 180 P: 10 40
Gulf of Riga (16,300 km?) M: 113 P: 2 M:5P:1 M: 11 P: <1 M: 120 P: 3 a5
Baltic Sea total (373,200 km?) M: 702 P: 37 M:73P:9 M: 267 P: 3 N: 1042 P: 48 \ 48

* Gulf of Bothnia = Bothnian Bay + Bothnian Sea. Modified after Eimgren and Larsson[48].

Sources: Riverine load[35), coastal point sources[45], atmospheric N load[53] multiplied by 1.25 to include organic N. Atmo-

spheric P load calculated as 1% of N load.

O N:P ratios of all major sources are far above 16:1

O Nevertheless the Baltic Sea is known for its N-limitation in summer —

leading to spectacular cyanobacteria blooms.
0 Where and how change the nutrient ratios?

Elmgren 2001
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Annual mean anomalies in
the precipitation (kg m)

Two regime shifts visible as changes in the
precipitation anomaly:

Kemijoki: 0 - +
Vistula: + - -
Oder: + + - - -

Changes in precipitation are different in the
catchments of the river
What are the effects on the loads?

Data source: NCEP/NCAR reanalysis
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“Anomalies in runoff, loads of NO3, and PO,

Kemijoki Oder Vistula
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Strong responses in southern rivers

Weak response in northern river

Pristine Kemijoki shows a co-variation of runoff and nutrients
Anthropogenically dominated Oder and Vistula respond differently
esp. after the 2" regime shift
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Closed stream functions in the central
Baltic Sea

1st EOF stream function (JJA) 1st EOF enthalpy (JJA)
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They ensure the transport of the river loads along the coastline at
in a band of approximatly 20 km width




River: Kemijoki

coastal south coastal north
0-25m 0-25m

Open south
Baltic Proper

Moreover we will look at:

DIN and DIP concentrations
DIN:DIP ratios

(total N and total P)
(N :P, ratios)

2 regime shifts
1976-1989
1990-2001
2001-2010




Oder River

Kemijoki River
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River N, concentrations over time

Oder River Kemijoki River
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“Surface N:P ratio (molar) in winter
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Is there evidence for a high N removal in the southern Baltic Sea?
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Decreasing N:P ratios towards the open Baltic Sea
Stream functions again visible
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Remaining load (esp. N) is supposed
to be sequestered and lost in the
coastal zone.

budget for the Oder lagoon
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Preliminary data show high NO, and
much lower PO, uptake in spring
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Losses in the coastal zone and open Baltic
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e Denitrification rates extrapolated by
means of their positive relationship
with organic carbon content in
sediments.

e Anoxic ares not included

e The N removal by denitrification
roughly matches the annual river
loads.

58 °

Deutsch et al., Biogeosciences 2010




Oder Lagoon
N removal
denitrification
Prim.prod.

Prim.prot
degradation
coupled

Southern Baltic

Islands

Northern Baltic




northern catchment

Southern catchment

Summary

Global regime shifts affect the
catchments and runoff of rivers.
Nutrient loads change in response,
but in different ways

Northern and southern rivers
,behave” quite differently in terms
of nutrient export.

Most N from the southern major
rivers seems to be removed in
lagoons/bays and along the coast
This N removal is bound to the
availability of nitrate and thus
oxygen in the coastal zone, but
hypoxic zones are increasing in size
and duration.
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